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Related Applicatioris 

The present application claims the priority of U.S. Provisional Application Serial No, 
60/388,196 fded June 12, 2003, which is fully incorporated herein by reference. 

Field of the Invention 

1 The present invention relates to the synthesis and use of polymeric label molecules. 

Back^ound of the Invention 

Molecules coritainmg multiple labels or attachment sites for label moieties are known in the 
art, including nucleic acid based and other syndietic dendritic structures, hydrocarbon polymers, 
proteins and other types of molecules. These multiple labeled molecules are bound to primary or 
secondary targets throu^ the use of hydrogen bond base pair binding (nucleic acid molecules), 
antibody-antigen interaction, biotin-avidin binding and other common sj^tcms. 

Typically, nucleic acid probe molecules consist of labeled oligonucleotides, directly labeled 
cDNA of RNA "runoff' molecules^ PGR amplified DNA probes or similar materials. Labeled 
oligonucleotide probes are readily available and provide efficient kinetics; generally, however, 
oligonucleotides contain only a single label moiety per probe and offer poor sensitivity. 

Directly labeled cDNA or RNA "runoff' probe molecules are significantly larger than 
oligonucleotide probes and contain multiple labels per molecule incorporated during an enzymatic or 
similar process. The number of labels per probe is variable and is dependent on the length of the 
probe, the base composition and the incorporation procedure (enzyme type and concentration, label 
concentration, efficiency of incorporation, etc.). Hybridization effectiveness may also be affected by 
the presence of biJky label molecules physically interfering with complementary base pairing. 
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Additionally, unwanted probe molecules are often labeled by enzymes that demonstrate poor 
specificity for incorporating labels moiedes into the target molecules of choice. 

Due to the imreliable nature of direct label incorporation and related technologies, there exists 
a need to provide a labeling product that delivers multiple labels to a target analyte that will not 
interfere with the normal process of hybridization. Furthermore, there is a need for a product which 
can be created using a manufacturing process which is cost effective, reproducible and allows for large 
scale production. 

Summary of the Invention 

It is an object of the present invention to provide a polymeric labeling molecule for use in 
desired applications. 

It is a further object of the present invention to provide a polymeric oligonucleotide labelii^ 
molecule containing multiple label moieties. 

It is a further object of the present invention to provide an oligonucleotide molecule 
containing a large number of repeat sequences, wherein each repeat sequence contairis or is designed to 
bind at least one label moiety. 

In accordance witii the invention, a highly labeled polymeric molecule is provided for use in 
any desired applications including, but not limited to, applications of biochemical, molecular 
biological, medical, or environmental interest, such as assays, diagnostic tests, reagent kits and so forth. 
In preferred embodiments the polymeric molecule is a nucleic acid constructed from a large number of 
one or more types of monorheric oligonucleotide units that are attached together to form an extended 
strand. These monomers may be reacted with each other to form a highly extendable polymeric 
strand, as discussed below. The polymer is provided to serve as a label molecule, in other words, to 
serve as a rnolecule which generates a deteaable signal. Therefore, further to the methods of the 
invention, rapid, efFxcient and cost eflFecrivc synthesis is provided of highly extended polymers which 
serve as h^hly effective labels carrying large numbers of label moieties. 

Within each polynier, at least one type of mohomeric unit is provided which serves as a 
labeling monomer. Preferably, the labeling monorriers are suitably designed oligonucleotides. The 
term labeling monomer includes both "labeled monomers" and "label-binding monomers". Labeled 
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monomers include monomers chat are designed to include one or more label moieties therein. Label- 
binding monomers includes monomers that are designed to bind or carry one or more suitable label 
moieties, and also includes monomers diat are capable of binding to odier molecules that themselves 
incorporate or bind labels. 

Further to die invention, by repeated and sequential coupling of a population of 
oligonucleotides including units of labeling monomer therein, a polymeric strand can be synthesized of 
any desired length and signal strengdi. These polymeric strands are, therefore, easily and efFiciendy 
synthesized as discussed below to deliver very large numbers of label, providing an extremely effective 
signal carrying molecule of considerable versatility for use in a large variety of potential applications. 

Thus, in various preferred embodiments of the invention, a polymeric nucleic acid molecule is 
provided for use as a labeling molecule, the polymeric nucleic acid being synthesized from a population 
including one or more types of synthetic or natural oligonudcotide monomers. Within that 
population, any desired mbc can be provided of labeling monomers (whether labeled monomers or 
label-binding monomers) and non-labeling monomers (monomers which do not incorporate or bind 
label moieties). 

These monomers may be attached together consistent with the invention in any desired 
manner to form the polymeric structure. In fiirther preferred embodiments^ the monomers are 
polymerized into an extended strand using ligation methods. Preferably, a second population of 
oligonudeotides are utilized in conjunction widi the first population to facilitate die eflSciency of 
ligation of the monomeric units. This second population may be used to provide furdier labels (e.g. as 
a second polymeric strand) and/or to provide any desired degree of second strand stmcture to the final 
polymer. 

In further preferred alternative or additional embodiments, this second population of 
oligonucleotides is used to facilitate self-assembly of die monomers into die extended polymeric strand. 
They further serve to increase the efficiency of the ligation between diose monomers. 
Oligonucleotides of this embodiment, also known as "bridging oligonucleotides", are complementary 
to 5 prime and 3 prime segments of the monomers in the first population, so each bridging 
oligonudeoride preferably binds to portions of at least two monomers, aligning them adjacent to each 
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other so that the 5 prime end of one monomer is adjacent to the 3 prime end of another monomer, so 
that diose two monomers can be attached, e.g. by Hgarion. For example, die bridging oligonucleotide 
can hybridize to the end of one monomer and to die beginning of another, serving to "bridge" those 
two monomers together. In this manner, mixture of the bridging oligonucleondes together with die 
desired labeling monomers in the presence of ligase (and any other desired monomers) results in rapid 
self assembly of highly labeled polymeric chains. 

In yet further preferred embodiments, one or more types of targeting oligonucleotides may be 
provided in the polymer for attachment of the polymer to fiuther molecules of interest, whether 
analyte molecules, probes or so forth. Such targeting oligonucleotides arc oligonuclcoddcs having a 
sequence provided for recognition of and binding to a desired molecule of interest (the target). 

For example, one or more of the monomers may themselves be designed to serve as targeting 
oligonucleotides. Thus, a particular monomer within the population for synthesis of the polymer can 
be provided to serve as a targeting nucleotide alone or as a targeting nucleotide and as a labeling 
monomer. 

In further additional or alternative embodiments, one or more oligonucleotides may be 
provided which are not monoiriers (i.e. arc not provided for use in growing the polymeric chain in 
both directions) but rather which are terminating oligonucleotides, i.c. oligonucleotides which are 
intended to be attached to one or both of the very ends of the polymeric strand.. These terminating 
oligonucleotides may themselves serve as targeting oligonucleotides in addition to or in place of the use 
of targeting monomers. 

Further preferably, the polymer is designed to be linear. Accordingly, an extended polymeric 
chain can be produced having the desired labeling and targeting properties, those properties being 
determined by the composition provided to the reaction inixture of labeled monomers, label-binding 
monomers, non-labeling monomers and/or targeting sequences (whether targeting sequences in the 
form of targeting monomers and/or terminaririg oUgonucleotides). 

JFurther objects and advantages of the invention will become apparent in conjunction with the 
detailed disclosure provided herein. 
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Brief Description of the Figures 

Figure 1 is a schematic diagram showing synrfiesis of a labeled polymeric nucleic acid in 
accordance witii a preferred embodiment of die present invention. 

Figure 2a is an illustration of die experimental results of a series of syntheses of polymeric 
molecules in accordance witii die invention, as analyzed using gel electrophoresis. The individual lanes 
show die variation in polymer sizes at different stoicheometric ratios of 14mer bridging 
oligonucleotides to 15mer labeled polymeric oligonucleotides. 

Figure 2b is an illustration of die results of the purification of linear polymeric molecules in 
accordance with the invention^ 

Figure 3a is a schematic diagram showing a labeled polymeric nucleic acid (polymer) in 
accordance with a further embodiment of the present invention, wherein die polymer includes a 
targeting oligonucleotide at the 5 prime and/or 3 prime end. 

Figure 3b is a schematic diagram showing a method for synthesis of a labeled polymeric 
nucleic acid in accordance with a further embodiment of the present invention, wherein the polymer 
includes a teirminating targeting oligonucleotide located at the 3 prime end- 
Figure 3g is a schematic diagram showing a method for synthesis of a labeled polymeric nucleic 
acid in accordance with a forther embodiment of the present invention, wherein the polymer includes 
a terminating targeting oligonucleotide located at the 5 prime end. 

Figure 4a is a schematic diagram showing amethod for detection of an analyte nucleic acid by 
using a labeled polymeric nucleic acid of the present invention hybridized to a capture sequence 
provided on the nucleic acid analyte. 

Figure 4b is a schematic digram showing a mediod for detection of an analyte nucleic acid 
covalentiy linked to a labeled polymeric nucleic acid of the present invention. 

Figure 5a is a schematic diagram showing the use of a polymeric nucleic acid hybridized and 
crosslinked to the arms of a dendritic nucleic acid. 

Figure 5b is a schematic diagram showing the use of a polymeric nucleic acid ligated to the 
arms of a dendritic nucleic acid. 

Figures 6 and 7 are schematic diagrams showing further embodiments in which bridging 
oligonucleotides are used in the synthesis of the linear polymers of the present invention. As shown in 
die figures, the bridging oligonucleotides align die labeling monomers via binding of nucleotide 
sequences in the bridging oligonucleotides to complementary nucleotide sequences of oligonucleotides 
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of the first population (e.g. labeling monomers), to position the ends of those oligonucleotides of the 
first population into a configuration suitable for ligation. 

Figure 6 illustrates an embodiment in which a bridging oligonucleotide is used which binds 
more than two labeUng monomers (six are shown in the figure) to align those labehng monomers into 
position for ligation, into a configuration where the ends of the labeling monomers are positioned for 
ligation. 

Figure 7 illustrates the sequences of a bridging oligonucleotide in which each bridging 
oligonucleotide binds to two labelling monomers. The figure illustrates the binding of two bridging 
oligonucleotides to three labeling monomers to align those labeling monomers. 

Detailed Descriptiori of the Inventioia and the Preferred Embodiments 

In accordance with the present invention, a new polymeric structure is provided for use as a 
label delivery molecule in any desired contesct of interest. In accordance with the preferred 
eriibodiments of present method, the polymeric molecule is a nucleic acid molecule synthesized using a 
first population of nucleic acid o%onueleotide molecules, the first popiiktion of ol^onudcotidc 
molecules being referred to as monomers herein. These monomers of the first population are attached 
together to form an esctended chain via ariy desired methodology. Preferably, the attachment is via 
self-assembly, this self-assembly fiirther preferably being conducted via covalcnt ligation of the 
monomers in a simple and rcprodudble enzymatic f eaGtibn, In preferred embodiments, the polymeric 
nucleic acid is preferably linear; 

As fiirther illustrated in Figure 1, in accordance with one scries of embodiments of the 
invention, a first populatioii of oligonucleotide monomers is provided, with the monomers serving as 
the individual "building blocks" for creation of a polymeric nucleic acid stmcture. Such 
oligonucleotide monomers are molecules comprising two or more nucleotides, whether that molecule 
is naturally occurring or artificially created. In accordance with the invention, the length of the 
oligonucleotide and its structure can vary, with the particular design of the monomer being tailorable 
for its intended use. For example, naturally occurring and/or synthetic nucleotide can be used to 
construct each of the monomers. Examples of naturally occurring nucleotides include^ for example, 
deoxyribonucleotides arid ribonucleotides, while examples of synthetic nucleotides include such 
structures as Locked Nudeic Acid fLNA") and Peptide Nucleic Acids ("PNA"). Oligonucleotides 
suitable for the present invention may be obtained by any desired means, whether synthetically, by 
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cloning or so forth. Numerous known techniques in the art which can be used in conjunction with the 
present invention are described in Maniatis et al., Molecular Cloning: A Laboratory Manual, 2'^'* ed., 
Cold Spring Harbor Laboratory Press, 1989, and Ausubel et al., Current Protocols in Molecular 
Biology, John Wiley & Sons, Inc., 1998, both of which are fully incorporated herein by reference. 

Within the first population of oligonucleotide monomers, at least one subpopulation is 
provided of "labeling monomers" therein, i.e. monomers that have been synthesized to include one or 
more label moieties that can generate a detectable signal ("labeled monomers") or monomers that are 
capable ofbindirig to a desired label moiety fiabel-binding monomers"). As many subpopulations can 
be provided of labeling monomers as desired, whether one, two, three, four, five, ten, twenty, fifty, or 
so forth. That first population can also include one or more sub-populations of non-labeling 
monomers (monomers which do not incorporate or bind label moieties), if desired. 

When polymerization is conducted of the oligonucleotide monomers of the first population, 
those monomers, including any labeling monomers in the first populadon, are attached to each other 
producing a polymeric molecule containing a high number of repeat sequences designed to contain or 
bind to label moieties. One or more label moiety or label moiety binding sequence can be provided in 
each labeling monomer. Since chains can easily be created having hundreds or thousands of labeling 
monomers, the resulting final polymeric molecule is ah extremely highly labeled signal molecule or 
signal binding molecule suitable for a variety of applications. 

By repeated and sequential coupling of a population of oligonucleotides including units of 
labeling monomer therein, the polymeric strand which is synthesized can be any desired length and 
signal strength. Using the present methods, these polymeric strands are easily and efficiendy 
synthesized to deliver very large numbers of label, providing a highly effective signal carrying molecule 
of considerable versatility. 

In various preferred embodiments of the invention this polymeric nucleic acid molecule 
provided for use as a label molecule is synthesized from a population that includes at least one type of 
synthetic or natural oligonucleotide monomer in the first population. More specifically, within that 
first pdpiilatioh, any desired mix can be provided of labeling monomers (whether labeled monomers or 
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label-binding monomers) and non-labeling monomers (monomers which do not incorporate or bind 
label moieties). 

For example, in one series of embodiments, a population including at least one type of labeling 
monomer is provided, wherein said labeling monomers are oligonucleotides of the structure 5'-AB-3', 
wherein AB is a nucleotide sequence such that A corresponds to at least one nucleotide and B 
corresponds to at least one oligonucleotide; wherein at least one nucleotide in said nucleotide sequence 
AB incorporates a label or is provided for having a label bound thereto; and wherein said labeling 
monomers comprises a 5 prime phosphate or being capable of being 5 prime phosphorylated, said 
labeling monomers further comprising a 3 prime hydroxjrl or being capable of receiving a 3 prime 
hydroxyl. 

In further embodiments of the invention, the population includes at least one type of labeling 
monomer, wherein the labeling monomer is a labeled monomer comprising the structure 5' - ALB - 
3'; wherein A is at least one nucleotide and contains a 5 prime phosphate or is capable of being 5 prime 
phosphorylated; wherein B is at least one nucleotide containing a 3 prime hydroxyl or capable of 
receiving a 3 prime hydroxyl as discussed above* A and B are nucleotides or nucleotide sequences of 
any type, and L is at least one nucleotide incorporating a label or having a label bound thereto (i.e. a 
nioiety that produces a detectable signal). 

Polymerization of the label-binding and/or labeling monomers can be conducted to produce 
an extremely extended strand carrying a large number of labeled monomers and/or label-binding 
monomers therein. Thus, the population utilized can be comprised entirely of label-binding labeling 
nionomcri or entirely of labeled monomer. 

Or, some mix can be used in the first population of one or more types of label-binding 
monomer, and/or one or more types of labeled monomer, and/or one or more types of non-labeling 
monomers. For example, in one embodiment, the population of monomers may include at least two 
different types of monomers in the initial population, including a first monomer of the structure 5' - 
AB- 3' and a second monomer of the structure 5' - CD- 3'. A (and C) are each at least one 
nucleotide in length and each contain a 5 prime phosphate or are capable of being 5 prime 
phosphorylated, and B and D arc each at least one nucleotide in length containing a 3 prime hydroxyl 
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end or capable of having a hydroxyl group attached thereco. In diese embodiments, either the first 
monomer or the second monomer or bodi are labeling monomers. In odier words, A and/ or B and/ or 
C and/or D incorporate a label or are capable of binding a label diereto. Furdiermore, in a first set of 
these embodiments, the sequences A, B, C, and D are not all identical sequences, such that at least one 
of these sequences diflFers from the others. In yet further embodiments. A, B, C, and D are all different 
sequences. 

In another such example, at least two types of monomers can be provided in the furst 
population, wherein the iiionomers are of the structure 5' - ALiB- 3' and 5' - CL2D- 3', wherein A is 
at least one nucleotide and contains a 5 prime phosphate or is capable of being 5 prime 
phosphorylatcd; wherein B is at least one nucleotide containing a 3 prime hydroxyl or capable of 
having a hydroxy! group attached thereto, wherein A and B are nucleotides or nucleotide sequences of 
any type, and wherein 1^ and L2 are each at least one nucleotide incorporating a label or having a label 
bound thereto. Lj and L2 can be the same or different sequences, and can include the same or different 
labels. In a first set of these embodiments, the sequences A, B, C, and D arc not all identical 
sequences, such that at least one of these sequences differs from the others. In yet further 
embodiments, A, B, C, and D are all different sequences. 

Likewise, numerous other configurations of one, two or more types of monomers can be 
utilized in accordance with the invention. In one preferred set of embodiments, a homogenous 
population of monomers is provided, i.e. the first population of oligonucleotides includes labeling 
monomers all of a single sequence. Since all of the monomers within the population are labeling 
monomers in this embodiment, every monomer of the polymeric chain incorporates or can bind label 
to maximize the signal delivered. Alternately, the particular composition of the polymeric nucleic acid 
can be tailored to the needs of the application of interest, with a population of two or more types of 
monomeris utilized, as discussed above. 

Any type of label can be used consistent with the invention, with conventional labeling 
methods known in the art being suitable. The term "label" is used herein in a broad sense to refer to 
agents that are capable of providing a detectable signal, either direcdy or through interaction with one 
or more additional members of a signal producing system. Numerous labels may be used consistent 
with the invention, including, for example, fluorescent labels, chemilimiinescent labels, enzymatic 
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labels, and inorganic labels. The label is one that preferably does not provide a variable signal, but 
mstead provides a constant and reproducible signal over a given period of time. 

Labels that are directly detectable include, but are not limited to, labels detectable by 
fluorescent detection, chroniogenic detection, and chemiluminescent detection, or radioactive labels. 
Examples include fluorescent labels such as fluorescein, rhodamine, resorufin, and derivatives thereof, 
coumarins (such as hydroxycoumarin), BODIPY, cyanine dyes (e.g. from Amersham Pharmacia), 
Alexa dyes (e.g. from Molecular Probes, Inc.), fluorescent dye phosphoramidites, or so forth; and 
radioactive isotopes, such as 32 S, 32 P, 3 H, etc Or, marker enzymes such as alkaline phosphatase 
(AP) , beta-galactosidase, or horseradish peroxidase can be used which are detected using a chromogenic 
substrate. In the case of AP, for example, detection can be effected using 5-bromo-4-chloro-3-indolyl 
phosphate or a nitroblue tetrazolium salt. Alteriiatively, fluorescence resonance energy transfer may 
also be measured, as described in Cardullo, Nonradiative Fluorescence Resonance Energy Transfer in 
"Noruadioactive Labeling and Detection of Biomolecules", C. Kessler, ed., Springer-Verlag, New 
York, 1992, pp. 414^23, which is fully incorporated herein by reference. Inorganic labels can be 
used, such as coUodial gold particles or ferritin. Detection of labels of colloidal gold particles is 
described in Van de Plas and Leimissen, Colloidal Gold as a Marker in Molecular Biology: The Use of 
Ultra-Small Gold Particles, in "Nonradioactive Labeling and Detection of Biomolecules", C. Kessler, 
ed., Springer-Verlag, New York, 1992, pp. 1 16-126^ which is fully incorporated herein by reference. 

Examples of labels that provide a detectable signal throt^h intcraaion with one or more 
additional members of a signal producing system include capture moieties that specifically bind to 
complementary binding pair members, where the complementary binding pair members comprise a 
directly detectable label moiety, such as a fluorescent moiety as described above. For example, biotin 
can be used as a binding ligand with avidin or streptavidin as the receptor. One or more labels may be 
conjugated to the avidin or streptavidin, such as 5(6)-Carboxyfluorescein-N-hydroxysuccinimide ester 
(FLUOS), 7-amino-4-methyl-coumarin-3"-acetic acid-N'-hydroxysuccinimide ester (AMCA, activated) 
and fluorescein isothiocyanate (FITC) which are available from Boehringer Mannheim of Indianapolis, 
Ind. Methods for fluoresceritly labeling proteins with fluorescent labels, and methods for detection of 
the fluorescent labels, are described in Howard, G., Labeling Proteins with Fluorochromes, in "Methods 
in Nonradioactive Detection,", G. Howard, Ed„ Appleton and Lahge, Norwalk, Conn, 1993, pp. 39- 
68, which is fiJly incorporated herein by reference. A variety of commercially available labeled 
streptavidin and avidhi molecules are also available, including^ for example, streptavidin-gold. 
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streptavidin-fluorochrome, streptavidin-AMCA, streptavidin^fluorescein, streptavidin-phycoerytlirin 
(STPE), streptavidin-sulforhodamine 101, avidin-FITC and avidin-Texas red®, which are 
commercially available from Boehrii^cr Mannheim, Indianapolis, Ind. 

In die preferred embodiments of the invention, the labeled monomers of die population are 
labeled using a fluorescent dye. Preferably, cyanine dyes such as Cy3 or Cy5 is utilized, aldipugh any 
odier suitable fluorescent dye may likewise be employed. One preferred source for such fluorcscendy 
labeled monomers is TriLink BioTechnologies, Inc. of San Diego, CaUfornia. However, such 
fluorescendy labeled moiiomcrs caii be obtained from odxer sources if desired, or synthesized using 
methods well known in the art. 

Similarly, any desired sequence can be used for the individual monomer, which acts as die 
subunit or building block fbr creation of the labeled polymer. Several preferred syndieric sequences 
have been developed diat been found to be of particular use iii conjuncdon with die invention, and are 
fiirthcr discussed in the e3^ples below. All of these new sequences have limited or no secondary 
structure, and all are believed to be abiotic based on the results of typical BLAST searches in Genbank. 

The polymer of the invention is preferably created via a coupling together of die individual 
monomeric subunits. This coupling can be accomplished via any desired process, but is preferably 
effected via a self-a5sembly process using ligation of die monomeric units to produce a polymeric 
structure of the desired length. Alternately, die synthesis of die polymer could be accomplished using 
a polymerase on a suitably designed template, or by amplification of a sample of linear polymer using 
known amplification methods, or so forth. 

One preferred method for creation of the polymeric structure is shown in Figure 1 . As shown 
dierein, a process is provided wherein a first population of individual oligonucleotide monomers are 
ligated together to form a polymer of die desired lengdi. Aldiough die example of DNA 
oligonucleotides is provided for illustrative purposes in the figure, such illustration is not meant to be 
limiting, as any nucleic acid can be utilized, whether sequences of DNA, RNA, LNA ("Locked Nucleic 
Acid"), PNA ("Peptide Nucleic Acid"), or so forth, aldiough certain oligonucleotides (such as PNA) 
will require attachment techniques odier than enzynaatic ligation which is the preferred embodiment. 
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Self-assembly of monomeric units which are oligonucleotides is the preferred embodiment of 
the invention as further discussed below. In alternate embodiments, however, other labeled 
monomeric units can be used, such as sequences of amino acids, linked protein sequences produced via 
antibody-antigen type interactions, or so forth. Once a population of monomers is provided, those 
monomers are coupled to form an extended polymeric chain. Any desired means known in the art for 
assembly of a monomeric unit irito a polymeric structure via covalcnt or non-covalcnt means can be 
used consistent with the principles of the invention. For example, oligonucleotide monomers may be 
assembled using known techniques of molecular biology into an extended nuddc acid strand. Or, 
labeled amino add molecules may be assembled into a suitable strand of protein. 

In the preferred embodiment, oligonucleotide monomers are assembled lising ligation, 
whether enzymatic or chemical. Preferably, enzymatic ligation is utilized. Tedmiques of enzymatic 
ligation of pairs of oligonucleotides are common in the art and utilize well known enzymes called 
ligasfes that attach adjacent oligonucleotides to form a continuous oligonucleotide strand. Such 
methods arc generally described for example^ in Sambrpok, et al.. Molecular Cloning: A Laboratory 
Manual, 2nd Ed.i Cold Spring Harbor Laboratory, New Yorfk, 1989, which k My incorporated 
herein by reference. Representative well characterized and suitable ligases include, but are not limited 
to, T4 ligase, T7 ligase, Tth ligase, Taq ligasc and E. coli DNA ligase, and RNA ligases. 

As is known, enzymatic ligation reactions are generally performed in a buffer solution which 
maintain the pH of the solution at a suitable level for the particular reaction. Other parameters such as 
temperature, can likewise be adjusted as known. Likewise, the Ugation can be conducted in the 
presence of additives which promote the reaction, whether phosphate transfer agents such as ATP, 
sulfhydryl reagents, including DTT and 2-mercaptoethanol, and divalent cations such as Mg+2 salts. 
Similarly, the use of volume excluding agents such as polyethylene glycols (PEG) may be advantageous 
ill promoting ligations, and/or inclusion of up to 200 mM NaCl may also be useful for promoting the 
ligations. When using the novel synthetic sequences disclosed below designed for use with the present 
invention^ those sequences have been particularly designed to minimize secondarj'- structure. However, 
using other sequences, single stranded DNA binding proteins can be added to the oligonucleotide 
ligation reactions to relax any secondary structure in the template strand, thus allowing the 
cbmplemehtaiy oligonucleotides to bind and lig^te, improving the reaction's efficiency. For example, 
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E. coli single stranded binding protein (Promega, Madison, Wis. or Amersham/USB) and/or T4 Gene 
32 protein (Boehringer Mannheim, Indianapolis, Ind.) can be used. 

If desired, die ligasc can be a thermostable ligase, in which case diermal cycling techniques are 
possible. Thermal cycling with a thermostable ligase is useful in various applications, induding, for 
example, methods of amplifying nucleic acids in a manner analogous to dae polymerase chain reaaion, 
but using oligomers and a ligase in place of dNTPs and a polymerase. As an alternative to enzymatic 
ligation, chemical ligation can also be used consistent with the invention. See e.g., K. D, James, A. D. 
Ellington, Chemistry & Biology, 4,595.605, (1997); N-cyanoimidazole: T. Li, K. C. Nicalaou, 
Nature, 369, 218-221 (1994); EDAC: D. Sievers, G. VonKiedrowski, Nature, 369, 221-224 (1994), 
all of which are fully incorporated herein by reference. For example, chemical ligadon may be used in 
conjunction with synthetic oligonucleotides which are not capable of being ligated enzymatically. 

ligation can be conducted widi pairs of oligonucleotides having blunt ends, or having an 
overhang, the latter being preferred. In certain cases, it is believed diat a nunirnum number of 
nucleotide bases must be presented to particular ligases. {See e.g., C.E. Pritchard and E. M. Southern, 
Nucl. Acids Res., 25, 3403-3407 (1997), which is My incorporated herein by reference, discussing a 
mimmum lengdi of about 6-8 bases for reasonable efficiency). In accordance with the invention, 
ligation is conducted with any number of bases that will result in attachment of the adjacent 
oligonucleotides, depending on the particular ligase, whether one or two bases, or more. To obtain 
moderate efficiericy, however, at least 4 bases is generally preferred for each oligonucleotide. For 
optimal efficiency, at least seven bases is preferred in the preferred embodiments of die examples 
which use T4 DNA Ligase. 

The preferred length or rarlgc of lengths of each monomer will dierefore be influenced by the 
number of nucleotides needed for optimal functioning of the ligase in question. Thus, some (or 
preferably all) of the oligonucleotide monomers can be constructed to be of a size which provides a 
desired level of efficiency in conjunction with a particular ligase. Similarly, the type of label desired 
will Jilso influence the minimum length of monomer needed, as well as influencing the iriaximum 
- number of possible labels per monomer. For example, label spacing is often critical to die ^propriate 
function of many types of label moieties, including: 1) fluorescent dyes that demonstrate auto- 
qticnchirig when spaced too closely; 2) attachment moieties (such as biotin and digoxigenin) dxat 
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attxact other labeling devices that are bulky and may be sterically hindered; 3) enzymes used to 
generate signal that require adequate spacing for steric or substrate processing reasons; and others. 
Thus, when using fluorescent dyes such as the cyanine dyes, Cy5 requires a spacing of approximately 6 
nucleotides between labels to avoid quenching of the signal, and Cy3 requires a spacing of 9 bases. 
Radioactive labels, on the other hand, usually have minimal or no spacing requirements. 

Thus, in one of the preferred embodiments of the invention, a 15mer oligonucleotide 
monomer or larger is preferred. The use of a minimum of 15 oligonucleotides in length provides a 
minimum of 7 bases on each side, since at least 6-7 bases (preferably 7) are required to optimally ligate 
with T4 DNA Ligase. In further preferred embodiments, the middle of diat monomer is being a 
fluorescent dye such as Cy5 or Cy3. Thus, 14 bases are provided between the dyes, which is more 
than sufficient to avoid quenching eflFects. These parameters, however, are merely exemplary of one 
preferred embodiment. The length of the oligonucleotide can, of course, can generally be designed to 
suit the desired context, depending on such factors as the ligase to be used, the labels to be used, the 
number of labels that will be iricluded per moriomer (e.g. one label per individual monomer, or 2-5 
labels, or 6-10, 10-20, 21-100, etc.) or so fordi. 

Fiarther in accordance with the preferred embodiment, the reaction mixture includes a second 
population of oligonucleotides in the form of complementary "bridging molecules". Each of these 
bridging molecules are used to liilk and align two or more monomers of the first population, the 
bridging molecules serving as "scaflfblds" for the subsequent ligation. Furthermore, each 
complementary bridging oligonucleodde, not only spans and links at least two monomers, it also 
provides a double stranded portion on either side of the ligation site between those monomers, this 
double stranded segment being a condition required for certain ligase reactions, such as that conducted 
for example by T4 DNA Ligase mediated DNA to DNA ligation. 

As shown in the preferred embodiment of Figure 1, each of the oligonucleotide bridging 
molecules in the second population will hybridize to two monomers from the first population in such a 
maimer so as to link those two monomers, spaiming the ligation site between them. For example, the 
complementary brid^ng molecules cari each be provided with a first sequence of nucleic acid 
complementary to the beginning of each monomer, and be provided widi a second segment 
ooriiplementary to the end of each itionomerj thereby "bricking" die two monomers together across 
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the intended site of ligation. 

In alternate embodiments, the bridging oligonucleotide can be provided to bridge more than 
two monomers, if desired. For example, a long bridge molecule can be used which recruits three, four, 
five or more monomers. In diese embodiments, die "bridge" molecule only overlaps the monomers at 
die edges of the bridging molecule, with one or more monomers hybridizing to the bridging molecule 
(e.g. at the center) without overlap. Similarly, even diose monomers hybridizing at the ends of the 
bricking molecule (whether using two or more monomers per bridge), do not need to overhang since 
ligation can be conducted of blunt ends. However, die use of overhangs at die ends is preferred, as it is 
generally believed to provide more efficient ligation. 

In the event that the first population includes multiple types of monomers to be ligated, those 
different types of monomers will preferably all have the same sequence at the 5' end and 3' end to 
allow them to be aligned by one population of bridging molecules. Alternately, multiple bridging 
molecules can be used when there are multiple types of monomers present in the first population. 

The bridging monomers also provide a second strand to the polymer. This second strand may 
be continuous or discontinuous, as desired. For example, die bridging molecules may be sufficendy 
long such that the bridging molecules will abut each other when di^ bridge togedier two inonomcrs 
(allowing the bridging molecules to also be ligated by die ligase); or, the bridging molecules can be 
shorter than the monomers such that there is are gaps on the second strand between adjacent 
monomers producing a polymer having both double stranded and single stranded segments. 

In some applications, a double stranded final polymer will be preferred, in which case the 
bridging oligonucleotides can be sufFiciendy long to be ligated together, with the final double stranded 
molecule being intact for use in the application. In other applications, a single stranded final polymer 
will be preferable, in which case the two strtods can be separated, or one strand can be degraded, using 
known methods. In yet further embodiments, the final polymer may have both single and double 
stranded segments, the single stranded segments being located in the spaces between between non- 
abutting bridging molecules. 

In the various embodiments, the bridging molecules may be used merely to bridge together 
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pairs of monomers to facilitate their self-assembly. In further embodiments, however, the bridging 
molecides can themselves include labels or be designed to carry labels thereon. For example, the 
bridging oligonucleotides may also be monomers analogous to the monomers of the first population 
described above. In this embodiment, the oligonucleotides of the second population also include, 
labeling nucleotides therein in the same manner as described with reference to the first population. 
Therefore, when the first and second population both include labeling monomers, those two 
populations serve to both to bridge each other and to generate a polymer with labels on both strands. 

In accordance widi the invention, the polymeric molecules synthesized by th^ method of the 
invention contain at least 2 synthetic oligonucleotide molecules containing label moieties. However, 
more preferably, polymers of at least 5, 10, 20, 50, 100, 500^ 1000, or thousands, or more monomers 
caiixasiiy be synthesized corisistent with the invention. Thus, polymers containing at least 5, 10, 20, 
50, 100, 500, 1000, or thousands, or more label moieties can be easily generated. 

In general, the synthesis of polymeric nucleic adds uising the preferred methods of ligating 
monomers described herein will generate a population of polymers of varying lengths. When the 
nionorners are are all labeled, the lengths of these polymers wiU correspond to the number of label 
nloieucs contained within the polymeric molecule. Figure 2a, for example, illustrates the experimental 
resiiltis firom a series of syritheises of polymeric molcculcS j and shows the variation of ranges in polymer 
size at several differing ratios of bridging molecule to oligonucleotide. In the preferred embodiments 
shown in the figure, the 15mer oligonucleotides used in the experiment were each labeled with a Cy3 
fluorescent dye moiety on the eighth base, with a base marker being provided in lane 1 and differing 
ratios of a l4mer bridging oligonucleotide to the 15mer oligonucleotides used as monomers being 
provided in lanes 3 through 10, Lanes 3 and 7 show the variation in polymer sizes produced using a 
1 : 1 ratio of bridging molecule to oligonucleotide; Lanes 4 and 8 show the use of a 2: 1 ratio of bridging 
molecule to oligonucleotide; Lanes 5 and 9 show a 3:1 ratio of bridging molecule to oligonucleotide; 
aind LaiJes 6 and 10 show a 4; 1 ratio of bridging molecule to oligonucleotide. 

For a given application, shorter or longer linear polymers may be desired based on the needs of 
the assay or so forth, in view of factors such as as kinetics, etc. The desired length of that linear 
polymeric moleculei produced can, therefore, be tailored by adjusting the reaction conditions and by 
purifying molecules of the desired length. 
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Whether short or long, these polymers arc extremely packed with label moilies. Furthermore, 
these higUy labeled molecules can be produced without using radioactivity or generating radioactive 
waste. Moreover, the present invention provides the significant advantage diat synthesis of these highly 
labeled polymeric nucleic acids U easUy achieved using a simple mixture ofi at least one species of 
ligatable oligonucleotide which serves as a monomer, a complementary bridging oligonucleotide, a 
suitable ligase (e.g. a DNA or RNA ligase), ligation buffer, and ATP. In addition, reactions can be 
typically be completed in a few minutes to several hours. The conditions and concentrations of 
rcactants can be modified as desired to determine the average length of the ligation products. 

Consistent with the invention, suitable reagents fbr producing the linear polymers of the 
present invention can be provided individually, or in kits. For example, suitable oligonucleotide 
monomers and/or complementary bridging oligonucleotides can be provided in kits for producing a 
linear polymer or as individual reagents. Such kits can fordier include any other desired reagents 
disclosed in the present application, such as ligase, ATP, Ugation buffer, terminating oUgonudcotidcs, 
and so forth. 

Further in accordance with the invention, the polyrheric labeling molecule can be attached to a 
further molecule by any desirtid rncans. In preferred embodiments, the polymeric label molecules arc 
rendered targetable by ittaching targeting structures to cidaer the 3 prime or 5 prime ends of die 
polymer, or bodi of those ends. Such targeting structures can be attached via a variety of reactions 
including blunt end or overhanging ligation, base extension of die 3 prime end widx terminal d- 
transferase (Tdf), and other known processes. Alternately, one or more of the monomers can 
diemselves be direcdy or indirecdy attached to a fardier molecule, or to a moiety attached to a further 
molecule. 

As illustrations of the use of terminating oligonucleotides for targeting purposes, figures 3a. 3b 
and 3c iUustrate die attachment of 3 prime and/or 5 prime targeting or capture oligonucleotide 
molecules to a polymeric molecule via a standard overhanging DNA to DNA ligation reaction. As 
shown in Figure 3a. for example, a targeting oligoriucleotide can be attached to die 3 prime and/or 5 
prime end of the oligonudeotide via ligation. The terminating targeting oligonudeotide can be added 
prior to. during, or after completion of die polymerization of die monomers via Ugation, resulting in 
further ligation of the targeting oligonudeotide to the growing polymeric strand. 
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This targeting oligonucleotide is preferably chosen to be cx)mplementary to a sequence on a 
second molecule, allowing capture of the polymer via hybridization of the complementary strands. For 
example, the targeting oligonucleotide can be a complement to a sequence on an analyte molecule, a 
dendrimcr, afurther polymeric oligonucleotide of die present invention, or so forth. This sequence on 
the second molecule is used to capture the labeled polymer, and is therefore referred to as the "capture 
sequence" herein. 

It has been found, however, that die addition of a targeting or terminating oligonucleotide 
sequence (i.e. one different dian the labeled monomer), to a simultaneous polymeric ligation reaction 
serves as a partial inhibitor to the ligation reaGUon, resulting in a reduction of the averse size of the 
polymers produced. Inhibition has been found to be dependent on the concentration of the added 
targeting nucleotide. Therefore, wlien a targeting oligonucleotide is added to terminate die polymer, it 
is desirable to limit the concentration of that terminating oligonucleotide to a concentration that 
provides the maximum size and yield of labeled polymer molecules containing die targeting 
oligonucleotide. By way of definition, the term terminating oligonucleotide herein refers to any 
oligonucleotide other than the monomeric unit added onto the 5 prime or 3 prime end of the 
polymer. Such a terminating oligonucleotide can be added before die polymerization reaction, 
simultaneously during the polymerization reaaion, or subsequent thereto. Figure 3a illustrates an 
embodiment in which the targeting oligonucleotide is added to bodb the 5 prime and 3 prime ends of 
the polymeric molecule. 

As shown in Figure 3b, in an alternate embodiment of die invention, the targeting 
oligonucleotide may be added to one end of the polymer only. For example, the targeting 
oligonucleotide can be attached to the 3 prime end only, as shown in the figure. In the embodiment 
of Figure 3b, the bridging oligonucleotides, labeled oligonucleotides (monomers) and terminating 
oligonucleotides can all be simultaneously added to the reaction mixture with a suitable ligase (e.g. T4 
DNA Ligase, or so forth). Alternatively, the terminating oligonucleotides can be added prior to or 
after the ligation. The terminating oligonucleotide includes a 5 pnme end ("Sequence A") which is 
complementary to the overhanging end of the bribing oligonucleotide at the 3 prime end of the 
polyirier. 

However, the terminating oligonucleotide is fiirdier provided with a 3 prime end ("Sequence 
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X") which is not complementary to the bridging oligonucleotide and which wiU not hybridize thereto. 
As a resiJt of the inabUity of the 3 prime end ("Sequence X") of the terminating oligonucleotide to 
hybridize to the bridging oligonucleotide, no hybridization of terminating oligonucleotide to bridging 
oligonucleotide will occur at theSprime end of thepolymcricmolecule, and polymerizationwill cease 

at that end. Subsequent ligation of the monomeric units to each other, and ligation of the monomer 
at the 3 prime end to die terminadng oligonucleotide, will result in a polymer having a monomeric 
sequence at the 5 prime end of the polymer molecule, and having a terminating oUgonucleotide 
sequence at the 3 prime end of the polymer molecule. 

The same principles can used to hybridize the terminating (termination) oligonucleotide to 
only the 5' end of the polymeric molecule, as shown in Figure 3g. In such an embodiment, a non- 
complementary sequence to the bridging oUgonucleotide ("Sequence Y^, is provided at the 5 prime 
end of the terminating oligonucleotide, widi a complementary sequence to the bridging molecule 
("Sequence B") beirig provided at the 3 prime end of that terminating oligonucleotide (also referred to 
as the termination oUgonucleotide). Addition of monomeric units wiU therefore cea«e at the 5 prime 
end of the growing molecule, with polymerization ceasing at diat 5 prime end. 

Likewise, two different types of terminating oligonucleotides can also be used. By using both 
types of oligonucleotides discussed above widi reference to Figures 3b and 3c, one type of terminating 
oligonucleotide can be hybridized to the 5 prime end of the polymer, with the other to the 3 prime 
end of the polymer. 

Once the polymers have been formed, various mediods may be used to purify diflFerent 
populations of the polymeric molecule based on size, number of labels and odier parameters. 
TypicaUy, size exclusion resins may be used to exclude smaller fractions of molecules. Continuous or 
discontinuous gradients are usefiil for collection of fractions containing largest to smallest molecules. 
Polyaciylamide gel purification, HPLC, FPLC, affinity chromatography, affmity beads, or other 
common manual or automated systems are also usefiol for separating molecules of varying size. 
Functionally, different sized polymeric moleoiles of the invention may be used in different 
appUcations, e.g. smaller molecules can be more suitable for certain in-sim hybridization assays 
requiring hybridization of the labeled polymer to less accessable ceUular stmctures; whereas, longer 
polymers with more labels can be more suitable for use on microarrays for better ampUfication of 
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signal. 

The labeled polymeric molecules may have potential uses in detection of target molecules, 
including nucleic acids, proteins and peptides, carbohydrates, Upids and others. Typical assay 
applications include fluorescent and chemiluminescent microarrays and macroarrays, in-situ 
hybridization utilising fluorescent and enzymatic labels, flow cytometry, microtiter plate ELISA and 
hybridization assays, and other applications. 

In various embodiments of the invention, the polymer of the present invention is attached to a 
further molecule via one or ihorc of the monomeric units, and/or a terminating oligonucleotide, 
and/or a moiety on either one or more monomers or terminating oligonucleotides. In one series of 
preferred embodiments^ for example^ the terminating oligonucleotide is hybridized to a 
complementary sequence on another nucleic acid, die complementary sequence being used to 
"caj^ture" the terminating oligonucleotide and polymer; The complementary sequence is also referred 
to as the "capture sequence" herein. Figures 4a and 4b. for example, illustrate a indirea and direct 
method, respectively, for binding the polymer to nucleic acid probes, the first example of Figure 4a 
being conducted via a capture sequence bridge and the second example of Figure 4b via a direct 
coupling of the polymer to the probe. 

In Figure 4a, for example, the polymer is provided with a tisrminating oligonucleotide at one 
end which is complementary to a capture sequence on an analyte molecule. The analytc molecule may 
be any desired molecule of interest. In preferred embodiments, the analyte is a molecule of cDNA, 
For example, molecules of cDNA can be synthesized which include the capture sequence by providing 
the capture sequence as part of the primer used in reverse transcription process. Further details of such 
embodiments are disclosed in PCX AppUcation Serial Number PCT/USO 1/07477 filed March 8, 2001 
Ont'l Publication No. WO 01/066555), PCT AppUcation Serial No. PCT/USO 1/228 18 filed July 19, 
2001 (Int'l Publication No. WO 02/065 11), and PCT Application Serial No. PCT/USOl/29589 filed 
September 20, 2001 (Int'l Publication No. WO 02/033125), PCT Application Serial No. 
PCT/US02/05022 filed February 20^ 2002 (Int'l Publication No. WO 03/012147), PCT Application 
Serial No. PCT/US02/27799 filed September 3, 2002 (Int'l Publication No. WO 03/020902), all of 
which are fiilly incorporated herein by reference. Hybridization of the capture sequence of the analyte 
molecule to the complerncntary terminating oligonucleotide captures the labeled polymer, resulting in 
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labeling of the analyte nucleic acid. These analyte nucleic acids can be hybridized to probes of known 
sequence, e.g. probes immobiUzcd to a solid surface such as a microarray, or membrane, or in-situ 
hybridization (ISH), or so forth. 

Alternately, instead of hybridization of die polymer to the analyte molecule, die polymer can 
be direcdy covalently attached to the analyte nucleic acid to label diat nucleic acid, as shown in Figure 
4b. This covalent attachment can be conducted before or after hybridization of die analyte nucleic 
acid to probes, c.g. probes immobilized to a solid support such as a microarray, a membrane, in-situ 
hybridization (ISH), or so forth, as discussed above. 

The polymeric label molecules may also be useful as label moieties attached to a delivery 
device, i.e. an entity which collects many of the polymers and delivers a multitude of polymers to a 
target. Such delivery devices, diereforc, can act as signal amplification molecules, i.e. molecules which 
can diemselves hold multiple label molecules^ and/or can act as targeting systems, i.e. systems for 
attaching to a desired target. 

Thus, when a signal aiiiplification molecule carries multiple polymers of die present invention, 
a signal amplification molecule is provided which itself carries signal amplification molecules (i.e the 
polymer) , such diat an extremely efficient signal molecule is provided. This can likewisebe iterated as 
many times as usefiil, e.g. to form a complex such that a sigiial araplificaribn carries a second signal 
amplication molecule which carries a third signal arnplificarion, and so on, as many times as desired. 
However, any such design preferably should take into account the kinetics of the final complex. 

Various delivery devices or signal amplification molecules can be used consistent with the 
invention. In preferred embodiments, the delivery device or signal amplification molecule is a 
dendrimer, whedier a deridrimer of nucleic acid or other components (e.g. plastics or so fordi). Most 
commonly, dendrimers are dendritic nucleic acid molecules in the form of complex, highly branched 
molecules comprised of a plurality of interconnected natural or synthetic monomcric subunits of 
double-stranded nucleic acid (e.g. DNA or RNA). Such dendritic nucleic acid molecules are described 
in greater detail in Nilsen et al., Dendritic Nucleic Acid Structures, J. Theor. Biol., 187, 273-284 
(1997); in Stears et al., A Novel, Sensitive Detection System for High-Density Microarrays Using 
Dendrimer Techhologyi Physiol. Genomics, 3: 93-99 (2000); and in various U.S. patents, such as U.S. 
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Patent Nos. 5,175,270; 5,484,904; 5,487,973; 6,072,043; 6,110,687; and 6,117,631. All of those 
publications arc incorporated herein by reference. 

Dendrimers comprise two types of single-stranded hybridization "arms" on the surface which 
are used to attach two key functionalities. A single dendrimcr molecule may have at least one hundred 
arms of each type on the surface. One type of arm can be used, for example, for attachment of a 
specific targeting molecule to establish target specificity, with the other being used for attachment of a 
label or marker such as the polymeric labeling molecule of the present invention. The molecules that 
determine the target and labeling specificities of the dendrimer are attached either as oligonucleotides 
or as oligonucleotide conjugates. Using simple DNA labeling, hybridization, and ligation reaaions, a 
dendrimer molecule may be configured to aa as a highly labeled, target specific probe. 

For exaniple, a labeled liriear polymer of the present invention can be hybridized to one of the 
types of amas of the dendrimer, with a target sequence being hybridized to another type of arm of the 
dendrimer using a capture sequence. Such embodiments arc disclosed, for ^cample, in PCX 
Application Serial Number PCT/USO 1/07477 filed March 8, 2001 (Int*l Publication No. WO 
01/066555), PCT Application Serial No. PCT/USOl/22818 filed July 19, 2001 (Int'l PubUcation 
No. WO 02/06511), and PCT AppUcation Serial No. PCT/USOl/29589 filed September 20, 2001 
(Int'l Publication No. WO 02/033 1 25), PCT Application Serial No. PCT/US02/05022 filed February 
20, 2002 (Int'l Publication No. WO 03/012147), PCT Application Serial No. PCT/US02/27799 
filed September 3, 2002 (Int'l Publication No. WO 03/020902), all of which are My incorporated 
herein by reference. Thus, the polymer nucleic acid of the present invention can be used as the signal 
molecule referred to in those applications as being attached to a dendrimer arm. Or, the labeled linear 
polymer can be attached to both types of arms of the dendrimer, yet further enhancing signal strength, 
as shown in Figure 5. Various additional embodiments and inventions are also disclosed in those PCT 
applications, any of which can be; used in conjunction with the inventions of the present application, 
or modified to use the present invention. 

The schematics for assembling a dendrimer delivery device is illustrated in further 
embodiments shown in Figures 5a and 5b v As shown in Figure 5a, for examplcj a polymer in 
accordance with the present invention can be attached to the arms of a dendritic molecule. The 
polymer can be attached to one or more types of ariiis of the dendrimer, for example, by hybridization 
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of a terminating oligonucleotide on the polymer to a dendrimer arm containing a complementary 
sequence. By using a terminable oligonucleotide having a crossUnkable sequence, the terminating 
oligonucleotide that hybridizes to the dendrimer arm can be crosslinked to the dendrimer arm to 
covalendy attach the polymer to die dendrimer. Any suitable crosslinking agent known in the art can 
be used consistent with the invention. 

Preferably, crossiinkirig agents such as the psoralens can be used, which are linear 
furocoumarins having die ability to crosslink DNA strands upon photoactivarion. See e.g. , Glass, U.S . 
PatentNo. 4,826,967, which is fiillyincorporatedherein by reference. Alternatively, photoactivatable 
compounds such as nucleoside analogues prepared by linkmg die phenyl ring (especiaUy at die 7 
position) of a courtiarm of coumarih analogue to the 1 position of a D-ribosc or D-2-dcoxyribose 
molecule can be used. See e.g^, Saba, U.S. Paterit No. 5,082^934, which is fully incorporated herein by 
reference, with the double bond between the 3 and 4 positions of die coumarin ring system is the 
photoactivatible group that covalendy crosslinks to nucleosides in the complementary strand when a 
probe containing this liucleosidc analogue is used in a hybridization assay. Other crosslinking agents 
can likev^dse be used consistent with the invention. 

Instead of hybridization and crosslinking of the end of the linear polymer to the dendrimer 
arm, as shown in Figure 5a, the linear polymers may alternatively be provided with a ligatable 
terminating sequence oii one end. These terrriiriaring sequences can be ligated to the dendrimer arms, 
as shown in Figure 5b. 

Furthermore, in accordance with the mediods of Figure 5a and 5b, two linear polymers can be 
utilized. As shown in the figures, a first labeled linear polymer can be attached to one type of 
dendrimer arm, and is used for signalling purposes. A second hnear polymer is also provided and is 
attached on one end of the polymer to the second type of dendrimer arm. On the second end of this 
linear polymer, a terminating oligonucleotide is provided having a targeting sequence. 

Once non-attached materials are purified put (i.e. to leave ordy dendrimer with the polymer 
attached and no free polymer or firee terminating oligonucleotides or undesirable contaminants), the 
targeting sequence can be used to hybridize the linear polymer to a probe. Thus, the entire dendrimer 
corhplex with linear polymers attached to its nuinerous arms is hybridized to the probe^ whether a 
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probe is on a microarray, on a blot, or whether other methods are used such as in-situ hybridization 
(ISH), or so forth. Since the second linear polymer not only includes die targeting sequence, but is 
also labeled, signal strength is yet further enhanced over the use of a label on one type of arm alone. 

In yet further embodiments, linear polymers can be created for attachment to both types of 
dcndrimer arms, wherein both linear polymers include the targeting sequence at the second end of the 
polymer. Thus, in this embodiment, both arms of the dendrimer are labeled and also have targeting 
sequences attached for hybridization to the probe, to yet fiirther enhance probe-target sensitivity and 
specificity. 

Additional delivery devices include nucleic acid molecules synthesized enzymatically or 
chemically produced that include moieties capable of binding one or more linear labeled polymer 
molecules. This for example, includes but is not limited to: 

(1) DNA molecules synthesized by a reverse transcriptase reaction from an RNA template 
using a nucleotides containing a lixoiety capable of binding linear polymer molecules. An example of 
this would include nucleotides labeled with a primary amine capable of dicmically binding a linear 
polymer end containing a succinimidyi ester, sulflxydryl or equivalent compatible crosslinkable moiety. 

(2) DNA molecules containing crosslinkable moieties (as above) enzymatically synthesized 
froM the use of DNA polyiherases. Ecsamples of this include PGR amplified or similarly produced 
molecules. 

Or, (3) RNA molecules containing crosslinkable moieties (as above) enzymatically synthesized 
firorti the use of RNA polymerases. Examples of this include RNA runoff transcripts produced &om 
DNA templates coiitaihing T7, T3 of SP6 RNA promoter sequences and the appropriate RNA 
polymerase enizyme. 

Additionally, the present invention is particularly useful in conjunction with microairrays, 
although it is also applicable to other assay systems. A number of different microarray configurations 
and methods for their production are well known to those of skill in the art, one of which, for 
example, is described in Science, 283, 83> 1999, the contents of which is fully incorporated herein by 
reference. In general, the microarray is a high-speed technology useful for nucleic acid analysis, and 
includes a plurality of distinct nucleic acid or gene probes (i.e., polynucleotides) distributed spatially, 
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and stably associated with a substantially planar substrate such as a plate of glass, silicon or nylon 
membrane. The substrate, therefore, is coated with a grid of tiny spot (e.g. of microns in diameter); 
each spot (i.e. feature) containing millions of copies of a short sequence of DNA or nucleotides; with a 
computer keeps track of die location of each sequence on the substrate. Labeled target molecules arc 
subsequently applied to those probes, and die array is washed to remove target molecules that have not 
hybridized. The presence of labeled molecule at a particular location on the array can then be 
corresponded widi die known sequence of probe at diat location. Such microarrays have been 
developed and are used in a range of applications such as analyzing a sample for die presence of gene 
variations or mutations (i.e. genotyping). or for patterns of gene expression, and allow one to perform 
die equivalent of didusands of indhddual "test-tube" experiments carried out in a short period of time. 
For example, microarray assays may be conducted using the mediods of Figure 4 or 5 of die present 
invention, or so fordi. 

Further aspectis of die invention wUl be apparent in conjunction widi die following examples. 
It wUlbe understood diat die examples arc intended to illustrate various preferred embodiments of die 
invention, widiout forming a Umitation on die scope of die present invention, as discussed in die 
disclosure herem and as set forth in the appended claims. 



Example 1: 

Syndiesis of Multiple Labeled Polymer Labeled with Fluorescent Dye 

Synriiesis of a repeating polymeric DNA molecule containing multiple fluorescent dye labels 
was accompUshed by using die foUowing 15mer syndietic DNA oUgonucleotide (syndiesizcd by 
standard amidite chemistry mediods), as the polymerizing component: 

5' - phos - ACg ggT C C(SE-Cy3) ATA TCT T - 3' (SEQ, ID NO. 1) 

The 5 prime end of die oligonucleotide is chemically (or enzyiiiatically) phosphorylated and die eighdi 
base of die oligo is a cytosine residue (C) containing a primary amine, which is subsequendy labeled 
post oligonucleotide syndiesis (and pte-polymerization) widi a succinimydal ester containmg 



-25- 



BNSDOCID: <WO 031 06637 A2_L> 



wo 03/106637 



PCTAJS03/18768 



fluorescent dye (in this example, Cyanine dye Cy3) in a standard chemical condensation reaction. 
This oligonucleotide is also refenred to as "RptUgMidCy3". 

A bridging oUgonudeotide capable of spanning the seven 5 prime nucleotides and seven 3 
prime nudeoudes of RptUgMidCy3 was synthesized utUizing standard amidite oUgonudeodde 
synthesis chemistry, die bridging oligonudeotide having the following sequence: 

5' - gAC CCg TAA gAT AT - 3' (SEQ- ID NO. 2) 

This oligo is also referred to as "K4)tLigMidBridge", and hybridizes to die RptUgMidCyS 
ol^onudcotide as illustrated in F^ure 7. 

As shown in Figure 7. multiples of RptLigMidCy3 oUgonudeotidcs align end to end via the 
hybridization to the RptLigMidBridgc bridging oligonucleotide. (It may be noted that the convention 
of use of lower case g to refer to Guanine in diis and other examples is provided merdy to more readily 
diflferentiate Guanine residues to the reader from Cytosihe signified by upper case C). 

Covalent bonds between adjacent RptLigMidCy3 molecules were created through the 
enzymatic action of T4 DMA ligasc, which Hgates between adjacent 3 prime and 5 prime 
(phosphorylated) DNA ends in the presence of a low salt buffer containing divalent cations and 
adenisinc triphosphate (ATP). Using T4 DNA Ugase, enzymatic ligation is also contingent on diere 
bring a double stranded sequence on either side of die ligation site, widi at least diree (3) base pairs on 
each side of die ligation site being required for minimal Ugation, and up to seven (7) base pairs on eadi 
side of the ligation site required for optimal ligation efficiency. A typicd ligation reaction is described 
bdow: 

A Combine in a nudease free polypropylene microfiige tube the followii^ components: 

107.1 uL - RptLigMidCy3 oligonucleotide at 1.0 ugms/uL (aqueous) 
280.0 uL - RptLigMidBridgc oligonudeotide at 1 .0 ugms/uL (aqueous) 
100.0 uL - lOX Ligation Buffer (Roche catalog number 1 243 292), 

comprising 660mM Tris-HCl, 50mM MgCL2j SOmM ditriethreotol 

(DTT), lOmMATP 

5 12.9 uL Nudease Free Water \ 

1,000.0 uL total volume 
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B. Centriiuge the contents at 13,000 RPM in a micxofixge centrifuge to bring all liquid to the 
bottom of die tube. 

C. Incubate at 42C for 15 minutes. 

D. Cool to room temperature. 

E. Add 100 uL of T4 DNA Ligase (lU per uL, Roche catalog number 481 220). Mix gendy 
with a pipctter. 

F. Incubate at 4-20C for 30-720 minutes (or longer). Longer incubation at temperatures below 
20C produce slighdy more efficient ligation, resulting in somewhat longer concatenation 
ligation products. 

G. Stop the reaction by addii^ 27.5uL of 0.5M EDTA (aqueous). 

H. Concentrate die volume to ^lOOuL using the Microcoii YM-30 Microconcentrators 
(Millipore) according to the manufacturer's instruaions. 

The typical result of the above process is a heterogeneous range of sizes of the l^ated 
RptLigMidCy3 polymeric molecules derived from single oligonucleotides, as indicated by denaturing 
polyacrylamide gel electrophoresis (PAGE) {See e.g.. Fig, 2a). Purification of specific size ranges is 
accomplished by stratification of the polymer species by size using a denaturing 50% formamide / 
variable sucrose concentration gradient. The gradient is cast into 5mL polyallomer ultra-centrifuge 
tubes (Beckman cat # 328874) using die model J5 Gradient Former Qule Inc., Milford* CT) such that 
the top of the gradient is approximately 10% sucrose and the bottom of die gradient is approximately 
50% sucrose, with the increase of density from top to bottom roughly Unear. 50-lOOuL of the post 
ligation concentrated RptLigMidCy3 heterogeneous polymer is loaded onto the top of the cast 
gradient, and die gradient is centrifiiged in the Beckman Optima L-70K Ultracentrifuge for 15 hours 
at 45,000 RPM (omega square T of 1.2E12) using die Sw60 rotor (Beckman). Post centrifugation, 
the gradient tube is punctured at the bottom and the gradient solution is harvested from the bottom 
up, dropwise, collecting 2-5 droplet fractions per collection tube. The fractions are analyzed by PAGE 
and characterized by the range of size for a particular fraction (Figure 2b). The number of fluors for 
each fraction is calculated by dividing the average size by 15 (the number of residues per 
RptLigMidCyS oligonucleotide). Empirical measurement of the fluor to mass ratio is performed by 
calculating the mass per volume concentration as derived from standard 260nm spectroscopy 
measurement and then measuring the specific fluorescence of a known quantity of mass on the Spex 
FluoroMax 3 spectrofluorometer instrument (Jobin-Yvon-Horiba Ltd., Japan). Specific fluorescence 
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measurements of the RptLigMidCyS polymer are performed for excitation / emission wavelengths of 
542nm and 570iun respectively (derived for Cy3 to avoid Raman water excitation / emission peaks). 
Average number of fimaional Cy3 fluors per molecule for any particular fraction is calculated via the 
use of a standard curve of the independendy measured fluorescence of diflFerent quantities of a single 
fluor labeled oligonucleotide. 

Example 2: 

Synthesis of multiple labeled DNA polymer with non-polymeric 
oligonucleotides capable of 3 prime end or 5 prime 
ligation to the labeled DNA polymer in a simultaneous ligation process 

Addition of a second population of oligonucleotide sequences to serve as terminating 
oligonucleotides on either or both ends of the labeled polymers allows for the specific hybridization or 
binding of the polymeric molecules to a desired sequence. The complementary sequences can be used 
as capture sequences to hybridize to the complementary terminating sequence as discussed above. Uses 
of these constructs include direct primary targeting of nucleic acid molecules in a variety of 
hybridization platforms (including blots, microarrays, in-situ hybridization (ISH) and others). 
Alternatively or additionally, labeled polymers may provide secondary (or terdary) labeling of primary 
targeting molecules by hybridizing the labeled polymers to sequence complementary to the labeled 
polymer bound terminating sequence. Primary label delivery devices may include DNA dendrimers, 
plastic or magnetic beads, polymeric molecules containing complementary sequence, or so forth. 

It has been found that the addition of a terminating sequence (containing a sequence different 
than the labeled polymer) to a simultaneous polymeric ligation reaction serves as a partial inhibitor to 
the ligation reaction, resulting in the reduction of the avenge size of the polymers dependent on the 
concentration of the terminating oligonucleotide. Therefore, it is desirable to limit the concentration 
of the terminating oligonucleotide to a concentration that provides the maximum size and jnield of 
labeled polymer molecules containing the terminating oligonucleotide. 

This terminating reaction is similar to the ligation reaction in Example 1, except for the 
addition of a terminating oligonucleotide of any appropriate sequence containing sequence 
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complementary to the seven 3 prime or 5 prime nucleotides of the bridging oligonucleotide 
RptUgMidBridge. 

In this example, the oligonudeotide RptCapOl-5'lig, with the sequence: 

5 - phos - ACg ggT Cgg Cgg gAC AgA AgA CgC gCA gTg AgT Cgg CC -3' 

(SEQ.IDN0.3) 

wiU ligatc via its 5 prime end to the RptLigMidCyS oUgonudeotide, or terminating oligonudeotide 
RptCapOl-3'lig, with the sequence: 

5 - ggC ggg ACA gAA gAC gCg CAg TgA gTC ggC CAT ATC TT -3' (SEQ. ID NO. 4) 

will ligatc via its 3 prime end to the RptLigMidCy3 oUgonudeotide. These terminating 
oUgonudeotides contain 5 prime and 3 prime ends (respectively) of seven nudeotides complementary 
to the RptLigMidBridge bridging oligonudeotide. The terminating oUgos in this cxaniple are usefiil 
for targeting the resulting terminated RptLigMidCy3 polymer, e.g. by hybridizing the terminated 
polymer to complementary capture sequences found on primers used to synthesize cDNA from RNA 
in a reverse transcriptase enzymatic reaction. The incorporation of capture sequences into cDNA 
during the reverse transcription from RNA, and the use of capture sequences and their complements is 
forther discussed, for example, in PCT Application Serial Number PCT/USOl/07477 filed Mardi 8, 
2001 (Int'l Publication No. WO 01/066555), PCT Application Serial No. PCT/USO 1/228 18 fUed 
July 19, 2001 (Int'l Publication No. WO 02/06511). and PCT Application Serial No. 
PCT/USOl/29589 filed September 20. 2001 (Int'l Publication No. WO 02/033125), PCT 
Application Serial No. PCT/US02/05022 filed February 20. 2002 (Int'l Publication No. WO 
03/012147), and PCT AppHcation Serial No. PCT/US02/27799 filed September 3, 2002 (Int'l 
Publication No. WO 03/020902), all of which are fully incorporated herein by reference. 

These terminating molecules, capable of Ugating to die 3 prime and 5 prime ends 
(respectively) of die RptUgMidCy3 oligonudeotide, wiU not block die opposite end of die 
RptIigMidCy3 oligonucleotide firom continuing to Ugate additional RptLigMidCy3 oUgonudeotides 
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via ligation onto the appropriate free end, thereby allowing the synthesis of concatenated 
RptLigMidCy3 labeled oligonucleotides to the non-blocked ends of die polymer. The Ugation 
reaction is performed as follows: 

A. Combine in a nuclease free polypropylene microfuge tube the following components: 

107.1uL- RptLigMidCyS oligonucleotide at LO ugms/uL (aqueous) 

280.0uL - RptLigMidBridge oligonucleotide at LO ugms/uL (aqueous) 

27.1uL ~ RptCapOl-5'lig or RptCapOl-3'lig oligonucleotide at l.Ougms/uL 

(aqueous) 

lOO.OuL - lOX Ligation Buffer (Roche catalog number 1 243 292), 

485,8uL - Nuclease Free Water 

1 ,000,0 uL total volume 

B. Centrifuge the contents at 13,000 RPM in a microfuge centrifuge to bring all liquid to the 
bottom of the tube. 

C. Incubate at 42C for 15 minutes. 

D. Cool to room temperature. 

E. Add 100uLofT4 DNALigase(lU per uL, Roche catalog number 481 220). Mixgendy with 
a pipetter. 

F. Incubate at 4-20C for 30-720 minutes (or longer). Longer incubation at temperatures below 
20C produce slighdy more efficient Ugariori, resulting in somewhat longer concatenation 
ligation products. 

G. Stop the reaction by adding 27.5uL of 0.5M EDTA (aqueous). 

H. Concentrate the volume to -lOOuL using die Microcon YM-30 Microconcentrators 
(Millipore) according to the manufacturer s instmcdons. 

Purification of the heterogeneous polymer species resulting from ligation is via denaturing gradient 
purification (see e.g.. Example 1), 
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Example 3: 

Synthesis of multiple labeled polymer with non-polymeric 
sequence specific oligonucleotides capable of 3 prime end 

or 5 prime Ugation to die multiple labeled polymer 

in a non-simultaneous pre-ptimiB^ Ration process 

As previously noted in Example 2, simultaneous ligation of the termination oligo to the 
mdtiplc labeled polymer can demonstrate poorefficiency if the ternunationoligo is used in 

alternative to that mrthod diat improves ligation efficiency requires the use of a bridging oligo diat 
uniquely hybridizes to one end of the polymerizing oligonucleotide but not the other end; the other 
end is designed to specificaUy bind to the terminating oUgonucleotidc only, thereby allowing the 
specificligationofdieterminaringoligonudeoridetoasinglepolym^izingoligonudeoddeonly.This 

specific ligation reaction is performed as an initial "priming" reaction that creates a population of 
hybrid terminating and polymerizing oUgonucleotide molecules diat are then ready for die 
polymerizing reaction as described in Example 1. 

In tiiis example, die oUgonucleotide RptCap01-7BO-5'lig, with die sequence: 

5 - phos - gCT TTT Tgg Cgg gAC AgA AgA CgC gCA gTg AgT Cgg CC -3' 

(SEQ. ID NO. 5) 

will Ugate via its 5 prime end to RptLigMidCy3, via die use of die bridging oUgonucleotide 
RptBr7BO-3': 

5' - AA AAA Gg A AgA TAT - 3' (SEQ- ID NO. 6) 

or terminating oUgonucleotide RptCap01-7BO-3'Ug, widi die sequence: 

5 - ggC ggg ACA gAA gAC gCg CAg TgA gTC ggC CTT TTT Cg -3' (SEQ. ID NO. 7) 
wiU Ugate via its 3 prime end to RptLigMidCy3 oUgonucleotide, via die use of die bridging 

oUgonucleotide RptBt7BO-5'*. 

5'-gACCGgTgcAAAAA-3' (SEQ. ID NO. 8) 
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A method of the priming ligation is deiscribed below: 

A. Combine in a nuclease firee polypropylene microfl^e tube the following components: 

lOO.OuL - RptLigMidCyS oligonucleotide at 1.0 ugms/uL (aqueous) 
lOO.OuL- RptBr7BO-3' or RptBr7BO-5' Bridge oligonucleotide at 1.0 ugms/uL 
(aqueous) 

lOO.OuL RptCap01-7BO-5*lig or RptCap01-7BO-3'lig oligonucleotide at 1.0 

ugms/uL (aqueous) 
lOO.OuL - lOX Ligation BuflFer (Roche catalog number 1 243 292), 

600.0uL - Nuclease Free Water . 

1,000.0 uL total volume 

B. Centrifuge the contents at 13,000 RPM in a microfuge centrifuge to bring all liqiud to the 
bottom of the tube. 

C. Incubate at 42C for 15 minutes* 

D. Cool to room temperature. 

E. Add 100uLofT4DNALigase(lU per uL, Roche catalog number 481 220). Mixgentlywith 
a pipetter. 

F. Incubate at 20-25C for 30 minutes. 

G. Add the following reagents to the above reaction to continue the RptIigMidCy3 non-specific 
polymerization; 

1 lOO.OuL - Priming ligation reaaion from above 
25.0uL ' RptLigMidCy3 oligonucleotide at 2.0 ugms/uL (aqueous) 
150.0uL- RptLigMidBridge Bridge oligonucleotide at 1.0 ugms/uL (aqueous) 
25.0uL - lOX Ligation Buffer (Roche catalog number 1 243 292), 

25.0uL - Nuclease Free \7ater 

1,325.0 uL total volume 

H. Incubate at 20-25C for 30 minutes. 

L Repeat step G five (5) additional times. 

J. Stop the reaction by adding 61 .35uL of 0.5M EDTA (aqueous). 

K. Concentrate the volume to -lOOuL using the Microcon YM-30 Microconcentrators 
(Millipore) according to; the manufacturer s instructions. 

Purification of the heterogeneous polymer speeieis resulting firom ligation is via denaturing gradient 
purification (see Example 1). 
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Example 4: 

Labeling of a DNA dendrimcr with a Euorcscent polymer 
by direct polymerization on tie dendritic structure 

Labeling of signal amplification molecules such as DNA dendrimers with large quantities of 
fluorescentor other labebaUomforhighersigndintcnsitiesthanwhatisotherwisead^^^^^ 
current labeling techniques. This is accomplidied by first ligating a single oUgonucleotide (capable of 
fiirdier polymerization) to the 3 prime or 5 prime ends of the dendritic structure Cpriming 
oligonudeotide"). fbUowed by cycUc or non-cydic ligation of the same or different additional 
polymeric molecules to the "primmg oUgonucleodde-. This method labels a DNA dendrimer widi 
polymeric multi-labeled DNA strands of die present invention attending from die free ends 
("branches" or "arms") of die dendritic stmcture. Targeting oUgonucleorides may be attached to die 
dendrimer "arms" via UV crosslinking or ligation prior to or after ligation of die polymeric 
oligonudeotides;altemativdy,targetingoUgonudeoridesmayalsobeattachedtodxedistal^ 

polymeric multi-labeled strands after Ugation of diese structures to die dendrimer "arms". 

A typical reaction wbuld indude die use of die foUowing oligohudcptidcs: 

5'-phos-ACgggTC C(SE-Cy3) ATATCTT -3' (SEQ..IDNa 1) 

die polymeric labeled oligonudeotide previously described as "RptLigMidCy3". 

5' - gAC CCg TCA AAT CTA CgA g - 3' (SEQ, ID NO. 9) 

a "bridging" oligonucleotide called «c(-)RptLig 5 prime" required to hybridize to die 5 prime end of 
die RptLitMidCy3 oligonudeotide and to die 3 prime end of die dendrimer "arm". The "c(-)RptLig 
5 prime" oligonudeotide aUgns die 5 prime phosphorylated end of die RpdLigMidCyS and die 3 
prime endofdiedendrimer arm sudidiat ligation vdll occur between diedendrimer arm andonly one 

RptLigMidCyS oligonudeotide. 

5'^TCACATAGgACTCAAgATAT-3' (SEQ. ID NO. 10) 

a "bridging" oUgonudeotide called "a(-)RptLig 3 prime" required to hybridize to die 3 prime end of 
die RptLitMidCy3 oligonudeotide and to die 5 prime end of die dendrimer "arm". The "a(-)RptLig 
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3 prime" oligonucleotide aligns the 3 prime end of the RptLigMidCy3 and the 5 prime 
phosphorylated end of the dcndrimer arm such that ligation will occur between the dcndrimer arm 
and only one RptLigMidCy3 oligonucleotide. 

Note that "a(-)RptLig 3 Prime" and "c(-)RptUg 5 Prime" should not be used on the same dendrimer, 
as this may cause a polymer to "loop" ligate from the 3 prime end of one arm to the 5 prime end of an 
adjacent arm of another type on the same dendrimer. 

5' - gAC CCg TAA gAT AT - 3' (SEQ. ID NO. 2) 

the "RptLigMidBridge" bridging oligonucleotide required for polymerizing the RptLigMidCy3 
oligonucleotide is dso required (previously described). 

A typical ligation reaction is described below: 

A For the initial "pnming" ligation, combine in a nuclease free polypropylene microfuge tube die 
following components: 

lOO.OuL - RptLigMidCy3 oligonucleotide at 1.0 ugms/uL (aqueous) 
lOO.OuL- "a(-)RptLig3prime"Bridgeoligonucleotideat 1.0 t^/uL (aqueous) 
OR "c(-)RptLig 5 prime" Bridge oligonucleotide at 1.0 i^ms/uL 
(aqueous) (do not add both simultaneously) 
20.0uL - 4 layer plus core dendrimer 1 .0 ugms/uL (aqueous) 
lOO.OuL - lOX Ligation Buffer (Roche catalog number 1 243 292), 

680.0uL - Nuclease Free Water — 

1 ,000.0 uL total volume 

B. Centrifuge the contents at 13,000 RPM in a microfuge centrifuge to bring all liquid to the 
bottom of the tube. 

C. Incubate at 42C for 15 minutes. 

D. Cool to room temperature. 

E. Add 100uLofT4DNALigase(lU per uL, Roche catalog number 481 220). Mixgendywith 
a pipettcr. 

F. Incubate at 4'20C for 30-60 minutes (or longer). 

G. Proceed to the polymerization ligation below. 
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Polymerization of RptLigMidCy3 to dendrimer pre-primed widi a single RptUgMidCy3 per 
dendrimer arm: 

H. To continue with the polymerization of RptLigMidCy3 to dendrimer pre-primed with asinglc 
RptLigMidCy3 per dendrimer aim, combine in a nudease free polypropylene microfUge tube 
the following components: 

lOOO.OuL- Primed dendrimer-RptLigMidCy3 ligation reaction from above 
50.0uL - RptLigMidCyS oligonucleotide at 1 .0 ugms/ uL (aqueous) 
130.0uL - RptLigMidBridge oligonucleotide at 1.0 ugms/uL (aqueous) 

20.0uL - toy T-igation Buffer (Roche ca talog number 1 243 292) .. 

1,200.0 uL total volume 

I. Centrifuge the contents at 13,000 RPM in a miaofuge centrifogc to bring aU Uquid to the 
bottom of the tube. 

J. Incubate at 42C for 1 5 minutts. 
K. Cool to room temperature. 

L Add 20uL of T4 DNA Ligase (lU per uL, Roche catalognumber 481 220). Mix gently with a 
pipetter. 

M. Incubate at 4-20C for 30-60 minutes (or longer). 

N. Repeat steps H-M three (3) to six (6) more times to add the polymerization components to the 
reaction in additional cycles. (Further cycles can, likewise, be added as many times as desired, 
to achieve fiirther lengths of polymerization). Alternatively, the dendrimer molecules may be 
separated from die non-Ugated reactants through die use of standard separation techniques 
(magnetic bead, affinity or size exclusion chromotography, membrane filtration, etc.) between 
or prior to "cycUng" of the polymerization ligation reactions. 

O. Stop the reaction by addii^ one-fortieth of the total reaction volume as 0.5M NaOH 
(aqueous). 

P. Concentrate the volume to -lOOuL using the Microcon YM-30 Ivlicroooncentrators 
(Millipore) according to the manufecturer's instructions. 

Typically, this method results in the ligation of between 1 and seiveral hundreds or thousands of 
labeled polymeric oligonucleotides to each of the dendrimer's "arms". 
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Example 5 

Labeling of a DNA dendrimcr with a fluorescent polymer by ligation 
of non-specific pre-formcd polymer to the dendritic structure 

Labeling of the DNA dendrimer widi pre-formed polymeric molecules is performed similarly 
to the priming reaction of the above example except for the use of a multi-labeled polymeric molecule 
rather than the use of a non-polymeric labeled oUgonucleotide. This method, which utilizes a simpler 
and fester procedure than Example 4 above, requires a supply of pre-ligated polymer as described in 
Example 1. Long pre-formed mtdti-labeled polymers are directly Ugated to die "arms" of a DNA 
dendrimer dirough the use of a bridging oligonucleotide that simultaneously hybridizes to die *'arms" 
of the dendrimer and to the appropriate ends of the mtilti-labeled polymer. 

A typical ligation reaction is described below. 

A For die mitial "priming" ligation, combine in a nuclease free polypropylene microfoge tube the 
following components: 

lOO.OuL - RptLigMidCy3 pre-formed multi4abeled polymer, average size 100- 

1000 nucleotides, at 1.0 ug ms/uL (aqueous) 
lOO.OuL- "a(-)RptLig 3 prime" Bridge oligonucleotide at 1 .0 ugms/uL (aqueous) 
OR "c(-)RptLig 5 prime" Bridge oligonucleotide at LO ugms/uL 
(aqueous) (do not add both simultaneously) 
20.0uL - 4 layer plus core dendrimer 1 .0 ugms/uL (aqueous) 
lOO.OuL - lOX Ligation BuflFer (Roche catalog number 1 243 292), 
680.0uL- Nuclease Free Water 



1,000.0 uL total volume 

B. Centrifiige the contents at 13,000 RPM in a microfuge centrifiige to bring all liquid to the 
bottom of the tube. 

C. Incubate at 42C for 15 minutes. 

D. Gool to room temperamre. 

E. Addl00uLofT4DNALigase(lUperuL,Rochecatalognumber481 220), Mixgendywidi 
a pipetter. 

F. Incubate at 4-20C for 60-240 minutes (or longer). 

G. Stop the reaction by adding 40uL of 0.5M NaOH (aqueous). 

H. Goncentrate the volume to -lOOuL using the Microcon YM-30 Microconcentrators 
(MiUipore) according to the manufacturer's instructions. 
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L Purify the dendrimer molecules from smaller molecular species according to estabUshed 
methods. 

TypicaUy. this method results in the Ugation of between five (5) and several hundreds or thousands of 
labeled polymeric oligonucleotides to each of the dendrimer's "arms". 

Note that "a(-)RptLig 3 Prime" and "cORptlig 5 Prime" should not be used on die same dendrimer, 
as diis may cause a polymer to loop ligate from one arm to an adjacent arm. 

Example 6: 

LabeUng of a DNA dendrimer with a fluorescent polymer by Ugation 
of a sequence specific terminated prc-formcd polymer to die dendriac structure 

Labeling of die DNA dendrimer with pre-foraied polymeric molecules terminated with a 
sequence specific oligonucleotide is perfotaied similarly to the priming reaction of die above example 
except for the use of a multi-labeled polymeric molecule containing a non-polymeric terminating 
sequence capable of hybridization to a complementary DNA molecule. This mcdiod is similar to 
Example 5 above except diat bridging oUgonudeotides complementary to die non-polymeric 
terminating sequence on the multi-labeled polymer must be used to bridge die polymeric molecule to 
die dendrimer arms. A bridge similar in fimction and design to "aORptUg 3 Priihc" or "cQRptLig 5 
Prime" is required, widi a different seven base 3 prime end sequence for "a(-)RptLig SPrime" or seven 
base 5 prime end sequence for "c(-)RptLig 5 Prime" complemeiitary to die appropriate seven (7) 
nucleotides of die terminating sequence on the multi-labeled polymer. Odicrwise, die ligation reaction 
is performed similarly to the procedure in Example 5. 

Example 7: 

Labeling of a DNA dendrimer widi a fluorescent polymer by UV crosslinking 
of a sequence specific terminated pre-fonned polymer to the dendritic structure 

Labeling of die DNA dendrimer widi pre-formed polymeric molecules terminated with a 
sequence specific oligonucleotide may also be accomplished dirough die crosslinking of 
complementary DNA sequences through die use of ultraviolet light (UV) activated mtercalators. 
Compounds such as 4,5,8-trimediylpsoralen are routinely used to irreversibly and covalendy bind 
hybridized double stranded r^ions of DNA. 
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The crossUnking of pre-formed multi-labeled polymers to dcndrimer branches or "arms" 
through the use of terminating sequences complementary to the sequences on or attached to the 
dendrimer "arms" results in the covalent attachment of multi-labeled polymeric molecules to die 
dendrimer. 

A typical crosslinking reaction is: 

A. Combine in a microfuge tube that is UV transparent: 

lOO.OuL - RptLigMidCy3 pre-formed multi-labeled polymer, terminated with an 
appropriate oligonucleotide complemetary to the dendrimer "arms", 
average size 100-1000 nucleotides, at LO ugms/uL (aqueous) 

20.0uL - 4 layer plus core dendrimer 1.0 ugms/uL (aqueous) 

20.0uL - 0.5M NaCl (aqueous) 

75.0uL - Edhanol saturated widi 4,5,8-trimcthylpsoralen, room temperature 
(20-25C) 

285.QuL - Nuclease Free Water . 

500 ul total volume 

Bi Incubate at 75C for 10 minutes. 

C. Let slow cool to 35-42C. 

D. Expose to 1 ,000- 1 0,000 ujoules (microjoules) of UV-A ultraviolet light. 

E. Repeat addition of 4,5,8-trimcthylpsoralen and exposure to UV-A 

F. Purify the dendrimer molecules from smaller species according to established methods. 

Example 9: 

Synthesis of a polymer containing multiple sequences 
capable of hybridizing a secondary labeled nucleic acid molecule 

Synthesis of a repeating polymeric DNA molecule containing multiple capture sequences that 
are complementary to a second fluorescent dye labeled molecule is easily accomplished by using a 
46mer synthetic DNA oligonucleotide (synthcdzed by standard amidite chemistry methods) as the 
polymerizing component: 

5' - phos - ACg ggT CCT CCA CTA CCg TCT Tgg TTT GAC ATA CgA CTC ATA TCT T - 3' 

(SEQ,ID NO, 11) 
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where the 5 prime end of the oligonudeotide is chemicaUy (or enzTmaticaUy) phosphorykted . This 
oligonucleotide is called "a(-)RptLig". 

Iri addition, a bridging oligonucleotide capable of spanning die seven 5 prime nucleotides and 
seven 3 prime nucleotides of a(-)RptLig was synthesized utilizing standard amidite oligonucleotide 
synthesis chemistry, with the following sequence: 

5'-gACCCgTAAgA.TAT-3' (SEQ.IDN0.2) 
A typical ligation reaction is described below: 

A. Combine in a nuclease free polypropylene microfuge tube the Mowing components: 

321. 3uL - aORptLig oligonucleotide at LO ugms/uL (aqueous) 
280.0uL - RptLigMidBridge oligonucleotide at 1.0 ugms/uL (aqueous) 
lOO.OuL - lOX Ligation Buffer (Roche catalog number 1 243 292), 

298.7uL - Nuclease Free Water 

1,000.0 uL total volume 

B. Centrifiige the contents at 13,000 RPM in a microfiigc ccntrifixge to bring all liquid to the 
bottom of the tube. 

C. Incubate at 42C for 15 minutes. 

D. Cool to room temperature. 

E. Add lOOuL of T4 DNA Ligase (lU per uL, Roche catalog number 481 220). Mix gently with 
a pipetter. 

F. Incubate at 4-20C for 30-720 minutes (or longer). Longer incubation at temperatures below 
20C produce slighdy more efficient ligation, resulting in somewhat longer concatenation 
ligation products. 

G. Stop the reaction by adding 27.5uL of 0.5M EDTA (aqueous). 

H. Concentrate the volume to -lOOuL using the Microcon YM-30 Microconcentrators 
(Millipore) according to the manufacturer's instructions. 

The typical result of the above process is a heterogeneous range of sizes of die ligated a(-) 
Rptlig polymeric molecules derived from single oligonucleotides. Purification of specific size ranges of 
polymers is accomplished as previously described in Example 1. 
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Repeating polymeric molecules may also be labeled with a terminating oligonucleotide in a 
process similar to diat used in Examples 2 or 3. Terminated or non-terminated polymers containing 
repeats of a(-) RptLig may then be used in detection assays as a device for delivering multiple labeled 
oligonucleotides capable of hybridizing to the a(-)RptLig sequence, containing the complementary 
sequence labeled on the 5 prime end with a Cy3 fluorescent dye: 

5» _ Cy3 - gAg TCg TAT gTg AAA CCA AgA, Cgg TAg Tgg A - 3' (SEQ. ID NO. 12) 

Having described die invention, it will be understood that the foregoing discussion discloses 
and describes merely exemplary and preferred embodiments of die present invention. One skilled in 
die art Awill readily recognize from such discussion, and from the accompanying drawings and 
examples, diat various changes, modifications and variations can be made therein without departing 
from the spirit and scope of the inventions as defined in die claims. One skilled in the art may likewise 
by applying current or friture knowledge, adopt the same for use in accordance widi die present 
invention. Yet, havittg described diis invention with regard to specific embodiments, it is to be 
understood diat die description is not meant as a limitation, and diat die present application covers all 
such embodiments, modifications and ■rariations of the presendy disclosed inventions. 
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Claims: 

What is claimed is: 

1 . A method comprising the steps of: 

(a) providing a population of oligonucleotides comprising labeling monomers, 
wherein said labeling monomers are oligonucleotides of die structure 
5 ~AB-3', wherein AB is a nucleotide sequence such diat A corresponds to at 
least one nucleotide and B corresponds to at least one nucleotide; wherein at 
least one nucleotide in said nucleotide sequence AB incorporates a label or is 
provided for having a label bound diereto; said labeling moflomers comprising 
a 5 prime phosphate or being capable of being 5 prime phosphorykted, said 
labeling monomers fiirther comprising a 3 prime hydroxyl or being capable of 
receiving a 3 prime hydroxyl; and, 
(b) syndicsizing a polymer for use as a label molecule, said polymer being a 
polymer synthesized f^om said labeling monomers, said polymer comprising a 
sequence of said oUgonucleotides, wherein said sequence of said 
oligonucleotides comprises repeats of said sequence AB. 

2. A method as daiined in claim 1, wherein said polymer is syntiiesized by Ugation of said 
oligonucleotides. 

3. A method as claimed m claim 1, wherein said polymer is a Unear polymer syntiiesized by 
enzymatic ligation of said oligonudeotides. 

4. A metiiod as daimed in any of daims 1-3, wherein said labeling monomers are labded 
monomers. 

5. A method as daimed in any of claims 1-4, wherdn said Ubding monomers arc labded 
monomers, said labded monomers being labded using a fluorescent dye. 

6. A mediod as daimed in any of claims 1-3, wherein said labeling monomers arc labd-binding 
monomers. 



-41 - 



BNSDOCID: <WO__03l06e37A2_U>' 



wo 03/106637 



PCT/US03/18768 



7. A method as claimed in any of claims 1-6, wherein said population fiirther comprises non- 
labeling monomers. 

8. A method as claimed in any of claims 1-7, wherein said population comprises at least two sub- 
populations of labeling molecules. 

9. A method as claimed in any of claims 1-7, wherein said population comprises at least three 
sub-populations of labeling molecules. 

10. A method as claimed in any of clahns 1-9, fiirther comprising the step of adding an 
oligonucleotide to the 5 prime end of said Unear polymer, said oligonucleotide being added to 
serve as a targeting oligonucleotide. 

11. A method as claimed in any of cldms 1-10, fiirther coniprising die step of adding an 
oligonucleotide to die 3 prime end of said linear polymer, said oligonudeotide being added to 
serve as a targeting oligonucleotide. 

12. A method as claimed in any of claims 1-11, furdicr comprising the step of attaching said 
polymer to a delivery device. 

13. The product produced by the process of any of claims 1-12. 

14. A method comprising the steps of: 

(a) providing a first population of oligonucleotides, said first population 
comprising labeling monomers, wherein said labeling monomers are 
oligonucleotides of die structure 5'-AB-3', wherein AB is a nucleotide 
sequence such that A corresponds to at least one nucleotide and B corresponds 
to at least one nucleotide; wherein at least one nucleotide in said nucleotide 
sequence AB incorporates a label or is provided for having a label bound 
thereto; said labeUng monomers comprising a 5 prime phosphate or being 
capable of being 5 prime phosphorylated, said labeling rnoriomers fiirther 
comprising a 3 prime hydrosyl or being capable of receiving a 3 prime 
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hydroxyl; 

(b) providing a second population of oUgonucleotides, said second population 
comprising bridging oligdnudeotides, said bridging oligonucleotides being 
oligonucleotides having nucleic acid sequences complementary to said labeUng 
monomers, wherein the sequence of each bridging oligonucleotide is provided 
such that said bridging oUgonuaeorides can each bind at least two of said 
labeling monomers; 

(c) mixing said first population and said second population to allow said bridging 
nucleotides to bind said labeling monomers and align said labeling monomers 
in a configuration suitable for ligation of said labd monomers said 
oligonudeotidcs of said first population; and, 



use 



(d) ligating said oligonudeotidcs ofsaid first population to form a polymer for 

as a labd molecule, said polymer being a Unear polymer synthesized from said 
labeling mbnomefs, said linear polyiner comprising a sequence of said 
oUgonucleotides, wherein said sequence ofsaid oUgonudeotides comprises 
repeats of said sequence AB. 

15. A method as daimcd in claim 14. wherem said polymer is synthesized by Ugation of said 
oligonucleotides. 

16. A mediod as claimed in claim 14, wherein said polymer is synthesized by enzymatic Ugation of 
said oligonudeotides. 

17. A mediod as claimed in any of claims 14-16. wherein said labding monomers are labded 
monomers. 

18. A metiiod as daimed in any of claims 14-17. wherein said labeUng monomers are labded 
moriomers, said labded monomers being labded using a fluorescent dye. 
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19. A method as claimed in any of claims 14-16, wherein said labeling monomers are label- 
binding monomers. I 

20. A method as claimed in any of claims 14-19, wherein said population further comprises non- 
labeling monomers- 

21. A method as claimed in any of claims 14-20, wherein said population comprises at least two 
sub-pppuiations of labeling molecules. . 

22. A method as claimed in any of daims 14-20, wherein said population comprises at least three 
subrpbpulations of labeliag moleciiles. 

23. A mediod as claimed in any of claims 14-22, further comprising the step of adding an 
oligonucleotide to the 5 prime end of said linear polymer. 

24. A method as claimed in any of claims 14-23, further, comprising the step of adding an 
oligonucleotide to the 3 prime end of said linear polymer, said oligonucleotide being added to 
serve as a targeting oligonudeotidei 

25. A method as clairried in any of claims 23-24, wherein said oligonudeotide is added to serve as 
a targeting oligonudeotide. 

26. A method as claimed in any of daims 14-25, further comprising the step of attaching said 
polymer to a delivery device. 

27. The product produced by the process of any of claims 14-26. 

28. A method comprising the steps of: 

(a) providing a first population of oligonucleotides, said first population 
comprising labeling monomers, wherein said labeling monomers are 
oligonucleotides of the structure 5'-AB-3', wherein AB is a nudeotide 
sequence such that A corresponds to at least one nudeotide and B corresponds 
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to at least one nudeotide; wherein at least one nucleotide in said nucleotide 
sequence AB incorporates a label or is provided for having a label bound 
thereto; said labeling monomers comprising a 5 prime phosphate or being 
capable of being 5 prime phosphorylated, said labeling monomers further 
comprising a 3 prime hydroxyl or being capable of receiving a 3 prime 
hydroxyl; 

(b) providing a second population of oligonucleotides^ said second population 
comprising bridging oligonucleotides, said bridging oligonucleotides being 
oligonucleotides having nucleic acid sequences complementary to said labeling 
monomers, wherein die sequence of each brid^ng oligonucleotide is provided 
such that said bridging oligonucleotides can each bind at least two of said 
labcUng mdnoihers; 

(c) mixing said first population and said second population to allow said bridging 
nucleotddes to bind said labeling monomers and align said labeling monomers 
in a configuration suitable for ligation of said label monomers said 
oligonucleotides of said first poptilation; and, 

(d) ligating said oligonucleotides of said first population to form a polymer for use 
as a label molecule, said polymer beiiig a linear polymer syndicsizcd from said 
labeling monomers, said linear polymer comprising a sequence of said 
oligonucleotides, wherein said sequence of said oligonucleotides comprises 
repeats of said sequence AB; and, 

(c) adding a termiiiatihg oligonucleotide to at least one of the ends of said linear 
polymer. 

29. A method as claiiiied in claim 28, whereiii said polymer is synthesized by ligation of said 
oligonucleotides. 
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30. A method as claimed in claim 28, wherein said polymer is synthesized by enzymatic ligation of 
said oligonucleotides. 

31. A method as claimed in any of claims 28-30, wherein said labeling monomers axe labeled 
monomers. 

32. A method as claimed in any of claims 28-31, wherein said labeling monomers are labeled 
monorhCK, said laibeled monomers being labeled using a fluorescent dye. 

33. A method as claimed in any of claims 28-30, wherein said labeling monomers are label- 
binding monomers. 

34. A method as claimed in any of claims 28-33, wherein said population farther comprises non- 
labeling monomers. 

35. A method sis claimed in any of claims 28-34, wherein said population comprises at least two 
sub-populations of labeling molecules. 

36. A method as claimed in any of claims 28-34, wherein said population comprises at least three 
sub-populatibhs of labeling molecules, 

37. A method as claimed in any of claims 28-36, farther comprising the step of adding an 
oligonucleotide to the 5 prime end of said linear polymer. 

38. A method as claimed in any of claims 28-37, farther comprising the step of adding an 
oligonucleotide to the 3 prime end of said linear polymer, said oligonucleotide being added to 
serve as a targeting oligonucleotide. 

39. A method as claimed in any of claims 37-38, wherein said oligonucleotide is added to serve as 
a targeting oligonucleotide^ 
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40. A method as claimed in any of claims 28>39, fiirther comprising die step of attaching said 
polymer to a delivery device. 

41 . The product produced by die process of any of claims 28-40. 

42. A mediod as claimed in any of claims 14-26, or 28-40, wherein said labeling monomers of said 
first population are provided such diat said labeling monomers are of a length which will provide a 
desired level of efficiency in said step of ligating said oligonudeotidcs of said first population. 

43 . A method comprising: 

(a) providing a kit of reagents, said reagents comprisii^: 

(1) a labeling monomer, said labeling monomer being a ligatable oligonucleotide, said 
ligatable oligonucleotide being provided to serve as a monomer for use in the syndiesis 
of a linear polymer for use as a label molecule; and 

(2) a bridging oligonucleotide, said bridging oligonucleotides having nucleic acid 
sequences complementary to said labelir^ monomers, wherein die sequence of each 
bridging oligonudeoride is provided such that said bridging oligonudeotides can each 
bind at least two of said labeling monomers. 

44. A mediod as claimed in daim 43, wherein said kit is fiuthcr provided with a ligase. 

45. A method as claimed in claim 43, wherein said kit is further provided with ATP. 

46. A method as daiined in daim 43, wherein said kit is fiirther provided with ligation buflFer, 

47. A method as claimed in daim 43 , wherein said kit is fiuthcr provided with a ligase, ATP and a 
ligation buJBfer. 
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